The synthesis and characterization of new copper-, magnesium-and cobalt-phthalocyanine complexes are reported. It appears that these complexes are not aggregated in THF in the concentration range of 1 × 10 −5 -1 × 10 −6 m. Additional structural and electronic data about the new complexes were obtained by calculations with the application of density functional theory at B3LYP/6-31G(d, p) level.
Introduction
Phthalocyanines are planar aromatic macrocycles consisting of four isoindole units, which make an 18 π electron aromatic system delocalized over an arrangement of alternating carbon and nitrogen atoms. For many years, phthalocyanines have been important dyestuffs for textiles and inks, as a consequence of their dark green-blue color; their absorption spectra show an intense Q-band in the visible region, usually centered at 620-700 nm. Phthalocyanines are thermally and chemically stable compounds and can withstand intense electromagnetical radiation. Another remarkable feature is their structural versatility. The two hydrogen atoms of the central cavity can be replaced by more than 70 metals and a variety of substituents can be incorporated, both at the periphery of the macrocycle and/or at the axial positions, thus allowing fine tuning of the physical properties [1, 2] . Phthalocyanines and their metal complexes have attracted attention because of their applications in material science [1, 2] including liquid crystal [3, 4] , organic solar cells [5] , catalysis [6] , semiconductors [7] , dyes and pigments [8, 9] , non-linear optical materials [10, 11] and organic lightemitting diodes [12] . They are also used in photodynamic therapy (PDT) of cancer [13, 14] . However, because of the hydrophobic nature of the phthalocyanine system, these compounds have a strong tendency to aggregate in solution, which limits their application [15] . The introduction of bulky groups to phthalocyanine can lower aggregation to some extent [16] . Physico-chemical properties of phthalocyanines can be modified by changing the type of metal ion in the central cavity or by incorporating substituents on the peripheral (β), non-peripheral (α), or axial positions [17] , including long alkyl [18] or alkoxy chains [19] and heterocyclic groups [20] . Dyestuffs containing carboxylic group are advantageous because they can be anchored onto the hydroxyl-bearing oxide surface. Recent studies have indicated that carboxyl carrying phthalocyanines show interesting photophysical and photochemical properties [21] .
In this paper we report the synthesis and characterization of phthalocyanines bearing oxy-2,2-diphenylacetic acid substituents on the peripheral positions and their metal complexes. It appears that the metal complexes show negligible aggregation in tetrahydrofuran.
Results and discussion

Synthesis and characterization
The synthetic route to metallophthalocyanines 4-6 is shown in Scheme 1. The starting material 2-(3,4-dicyanophenoxy)-2,2-diphenylacetic acid (3) was prepared by a reaction between 2-hydroxy-2,2-diphenylacetic acid (2) and 4-nitrophthalonitrile (1) in the presence of anhydrous K 2 CO 3 in dry DMSO under a nitrogen atmosphere at room temperature for 2 days. The phthalocyanines 4-6 were synthesized by cyclization of substrate 3 in the presence of CoCl 2 , MgCl 2 and CuCl 2 , respectively, under N 2 atmosphere. Compounds 3-6 were characterized by elemental analysis and spectral methods. Figure 1 shows the geometry optimized structure of the selected cobalt(II) phthalocyanine complex 4 (top and side views). The charge distributions in the center of all complexes 4-6, obtained by natural bond order analysis, are shown in Figure 2 [22] . The computations reveal square-planar geometry. The charge distribution depends on the metal atom. As can be seen from Figure 2 , the formal charge + 2 of the metal atom at the center of the structure decreases to a net charge of + 1.713 (5), 1.255 (4) and 1.210 (6), which is a consequence of charge donation from coordinating nitrogen atoms. All the donor nitrogens have been computed to possess negative charges. The coordinating nitrogen atoms are richer in electrons than the connecting nitrogen atoms, which might be a result of the absence of imino hydrogen atoms. The expected −1 formal charge on these atoms changes to −0.685 upon coordination to the metal atom. After geometry optimizations, the structures were subjected to TD-DFT calculations at the same basis set [B3LYP/6-31G(d, p)] to compute the electronic spectra of the phthalocyanine compounds. Transition energies and molecular orbital energies and schemes were predicted for singlet state excitations. The highest occupied molecular orbital (HOMO) implies the outermost filled orbital and behaves as an electron donor. On the other hand, the lowest unoccupied molecular orbital (LUMO) can be considered as the unfilled orbital with lowest energy and it behaves as an electron acceptor. HOMO and LUMO are also called the frontier molecule orbitals (FMOs). The energy gap between FMOs gives information about the chemical stability of a molecule and it is an important parameter in terms of electronic transport properties. In Figure 3 , a part of the orbital energies (in Hartree) and three-dimensional HOMO and LUMO energy schemes for Mg complex 5 are given. Both HOMO and LUMO are spread throughout the molecule except for the metal at the center. The computed HOMO and LUMO energies for Mg complex 5 are −4.62 and −2.55 eV, respectively.
Computational analysis
The excitation energies (eV), oscillator strengths (f) and absorption wavelengths (λ max , nm) of UV-vis electron absorption spectra of these compounds were calculated in gas phase by the application of TD-DFT/B3LYP method with 6-31G(d, p) basis set and are presented in Table 1 . Molecular orbital energies indicate that transitions from HOMO to LUMO are responsible for the Q band of the experimental spectrum.
UV-vis measurements
The electronic absorption spectra of compounds 4-6 were recorded in THF over a concentration range of 10 
4-6,
respectively. An intense long wavelength π-π* transition, the Q-band, is characteristic of the UV-vis absorption spectra of phthalocyanines, with the respective peaks at 670, 696 and 696 nm. The lack of concentration dependence for absorption spectra recorded at the range of 10 −6 -10 −5 m suggests that complexes 4-6 do not undergo any appreciable aggregation in THF under these conditions.
Conclusions
Metal phthalocyanines bearing [carboxy(diphenyl) methyl]oxy groups on the peripheral positions were synthesized. These compounds are soluble in organic solvents and, apparently, do not undergo aggregation in tertrahydrofuran. Computational results provide additional structural and electronic information about the complexes.
Experimental
The solvents were purified according to standard procedures [23] and stored over molecular sieves 4 Å. All reactions were carried out under a dry nitrogen atmosphere. Melting points were measured on an electrothermal apparatus. Electronic spectra were recorded on a Hitachi U-2900 spectrophotometer. FT-IR spectra were recorded on a Thermo Scientific FT-IR spectrophotometer. 1 H NMR spectra were recorded on an Agilent 400 MHz spectrometer with tetramethylsilane as internal standard.
2-(3,4-Dicyanophenoxy)-2,2-diphenylacetic acid (3)
A mixture of 2-hydroxy-2,2-diphenylacetic acid (2, 0.80 g, 3.5 mmol) and 4-nitrophthalonitrile (1, 0.50 g, 2.89 mmol) in dimethyl sulfoxide (15 mL) was stirred at room temperature for 15 min, then treated with K 2 CO 3 (5 g, 36 mmol) and stirred for an additional 48 h. The mixture was poured into ice-cold water and acidified to pH 1 with hydrochloride acid. The resultant precipitate of 3 was washed with petroleum ether and dried: Yield 0.52 g (51%); mp 125°C; 
Synthesis of metal complexes 4-6
A mixture of 2-(3,4-dicyanophenoxy)-2,2-diphenylacetic acid (3, 0.10 g, 0.28 mmol) and CoCl 2 , MgCl 2 or CuCl 2 (0.02 g) was grounded in a quartz crucible and heated in a sealed glass tube for 5 min at 230°C. After cooling to room temperature, the reaction was terminated by pouring the solution into an aqueous solution of 2 m HCl. After standing overnight, the resultant precipitate of 4-6 was filtered, washed with water to a neutral pH and dried. Silica gel chromatography eluting with tetrahydrofuran gave a green solid. 
Cobalt
Computations
3-Dimensional structures of the compounds were obtained by geometry optimization using density functional theory at B3LYP/6-31G(d, p) level with no symmetry restrictions. All computational calculations were performed using Gaussian 09 package program [24] . The vibrational analysis for each metal phthalocyanine complex did not yield any imaginary frequencies, which indicates that the structure of each molecule has at least a local minimum on the potential energy surface. The normal mode analysis was performed for 3N-6 vibrational degrees of freedom, N being the number of atoms in the structure of the phthalocyanine compounds.
The time-dependent density functional theory (TD-DFT) calculations were done to obtain the vertical excitation energies, oscillator strengths (f) and excited state compositions in terms of excitations between the occupied and virtual orbitals for metal complexes [25, 26] . The TD-DFT method with the same basis set was used to obtain absorption wavelengths and the oscillation strength (f) within the UV-vis region.
